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(54) FLOW CONTROL METHOD IN ATM SWITCH OF DISTRIBUTED CONSTITUTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To avoid the danger of causing 
congestion in a management module by distributing the (n) 
pieces of shapers adjusted as the function of a total 
average transmission speed dedicated to the flow of a 
VBRnrt category and the n-1 pieces of the shapers 
adjusted as the function of the available transmission speed 
of an output port dedicated to ABR and UBR category flow 
to respective input line cards. 

SOLUTION: On the respective input line cards 7i, the 
shapers 91 -9n are executed. One shaper is dedicated to the 
real time of the category VBRnrt (non real time variable 
transmission speed). The transmission speed of the shaper 
is adjusted as the function of the total average speed of the 
VBRnrt flow. The fixed number n-1 pieces of the shapers 
dedicated to the UBR (unspecified transmission 
speedVABR (available transmission speed) flow are 
adjusted as the function of the AvCR (available speed) of 
the output port. An operation range for featuring the value 
of the transmission speed achievable by the shaper is 
allocated to the respective UBR/ABR shapers identified by the number. 
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X 

irfitfcATM^>r s^i*]cd, #A*IsIj6l^— VB 

Rnr t (#»mm^x&i&*&) • y*-m 

x ft/I* • K-C»f^-rsJB2<7>ftt,ffWP 2£rS'J*> 
[MM 3] IS 1 *>ftt>*T*l P i £r£*fc/5-a/&RB*3 

[W#£5 ] 1 0(7>PC^ rXtDf*.— s*\Z<*— ¥ 
* * ^ tT — ^ry^ (order of speak 
i ng) »£i>J9^T, •^tf-^ (r i 

ght to speak) T = Ti + T 2 + T 3 

»S*tS, WSSnfcWIBIWWT^IWKU, i£f&^5fcHS 
#IBBIT 1 3ft»bW»UiSflr«)*«*«|BHlT i+T 2 ^S 
fr£*u &<nmmT<n# — > - h ^ • ^ tr— 9 (tur 

n to speak) # HI HIT 3 Xttl^tKO-y — 
[1**9(6] HttT$rffix.fc<SYNC S I GN 

^ — ^ * h • ^ If— ^ (turnto speak) 

T-THT2 mm<M&TWlK#i<r>\E\m$- K^©i£««r 
5cT LfctsUKl* — K(50 1 oH«toT< speech>h 
-^SriSfSU »BIHHST 3 «>fl*!T^ft«JcSYN 
C SIGNAL h — ^ ^SrSfB" LfcEIiMl* — KM£o 

r, «»oftniai«Tjcasfs*i«ff-r5^5!«:^"t-a«t 
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^rrt^tcfS^-rS^^^lHljS?^'- Kfcfttf T< coll 
e c t i o n > h-^ >«ri£fS-#-5»#«5 5w|S«a>* 
fir* 

[ft*ll7] VLAi-> (VLA' i, L G) d^V 

LAi-^ (VLM, LI, L2, L3 Lq) 

^<n-i&&m&m (Ai) , feKLVL A i 

(da i iciaatttt bnfcftaa^-v^^KB'j*, vla' 

JO - 7y*7!) ?9 • & J r>9iS3>'0>tto»L VLMIi-i 

A*»jaiB«*MoiB*afs>f ^y^^, li, l 
2 l q ttattMtfHa-rsr^r*);** v*r 

(Ai) OAAiKSTJItSii^B-K^t^h 
• 7 A*JK*M6*r®lft*— K<o ATM u-Y 

[If^JiS 3 t^h^%<r> I P7 K^SrftH-TS 
Tt^-ttv-eixcD PDU7 u— <7>*#]tf>ir /u£r^£ 

ft^fijtfSjStSixS^rSrlBa-rs I P7 KL-^<7>ft5(c 

SrKfrU BfSo I P 7 K 
[0 0 0 1 3 

[388^JS-r£&W#in «BWri, 5MftT-*^*^ 

Y^«ttPA*^^iat^^{f^fcATM^Y 

[00023 

[^*cr>SW] ATM-Tjfcfcfe^raffleiS^- K - *y 

pTI6^*f*S V P I/VC I <-f/j^'fcffi?ftfi»SM l J45J: 

[0 0 0 3] S&SGD^ — ^(Dlf|<7)fcJi)^ATM^ h 
!7-^Srlv^5Ci:^T*57y^-^9 ^ lifter 
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h =r/K£> I P7f -7 y b ' 7 U'-A^tliMPE 
G (moving picture export g 
roup) 7*— -^s* hfcfflt^S^l'— A"?**. 
b<DT~7V 4r—iy3 > • 7 Ix— r y h £ AT 

A icSI^it £ Mi® Srffl m -t z> . 
[ooo4] r^p#pflyn— j Lr^oibttsfi^^n 

-57^-^ ' 7n- aSttc^y h !7 — 3&*-t?/^£:^i;^-f 
^rtWitfttB^-^jciBBa-rs. /Keif 

-«a*«>«jfe*4:««-r«jKJ!^*9» I<7>^£>^ 
[0005] r-t^ — tr^ • j £LT£Qio*x5^ 

tr^fi wen it ^— y^ta-rattssi**** 

-rX/«e^eo h77^y^ • /^7^-^^fiS;tSr(7)7 
o-oei»a*W*«i5«ftt«r*fl:-#-«»* ( [U I T 
-T. I. 37 1] . [ A F TM4. 0] ) t?£IB$ 

[ooo6]^rfl7D-ttcBR (aseesxA) * 

UBR (ft*g£6&i*A) , «t«-W4#tt3W+»***r 

Jljfe*tcH-rS«liE3ft*-5riB*VBRn r t (#3WSIH«r 

t UT(z>(saife*3a««ii£Six5*jffl , 5riBeiSiS« (ab 

R) t L,X&btiZ£kT<n#T=tV (OiotltS. 
[0 0 0 7] f^t(7)ATM^Y S^tt, ila fC^f 

— cor ?-zxmtfei . ATMt/>ftTO2, j*^* 

[0 0 0 8] T^-fe^«l6lW:miBaJ?- h8C«ttSttfc 
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CDJ* Y s^SrSMST?* A TMiJ— t^tf^— if 

[0009] T?±xmm\z&^xmM^^z&m&ft 

iiANS I £U I T^3 ( tU { ATM7i — 7A • v^xA 
K*a.p« V hU I T-T G. 8 0 4, G. 7 0 31:^ 

70 ^fy^7x^ 

F^ra^yhUIT-T G. 7 0 SSC^JtlfcS 
DH (1^^/1-^77^) ^y^7x-^ 
K^r^^VhANSI-T 1. 1 0 5»Ci^Stlfc 
SONET (#HJH* y h !7 — ^) -f^^*. — * 

0 4 0 0 0(C^^£ 
ixfc25. 6Mf^/s IBM>f^^7x-^ 
[0 0 10] ATMi^irlMB2m*<oj&><D«tB, 4# 
tc-t?/u • ^y#<o*gm+ VPI/VCI ({K&SKaKS'J 

^iMEa^^/MBsu-?-) i»3a^-+-*yKz>aw, oa 
^ m «mk a^asj:^^) «a-fe/K©»3ffi, upc 

, scd im$i&}± /i-mm) , 
epd (^iPDuffif) , rm <yy — -t?A- 

[ooii] ATMis^^mmiz&^xnM'r^&m 

— B-ISDN ATN Layer Specif 
i c a t i o n [U I T-T I . 3 6 1] 

30 — B — ISDN Operation and Ma 
intenancePrinciples and F 
unctions [UIT-T I. 610] 

— Traffic Management Spec 
ificationVersion 4. 0 [ A F — T 
M 4.0] 

[0012] xf^i/^/ummsn. mm^^^/^om 

(translation) *M ATM U-Y ^ffi^F&u 

40 [0013] ^(ommy^hh^^A-riA^^ y^co^m 

[0 0 14] V3£«l)g4». 3t*<K*HI«lft^OR3etC 

so [0015] z.tih<o^mm<Dnm^m^^x 



5 

— ATM User— Network Interf 
ace (UNI) Signal 1 ing Speci f 
ication Version 4 . 0 ( a f — si 
g-0 0 6 1. 0 0 0) 

— Private Network— Network 
InterfaceSpecification V 

ersion 1. 0 (a f - pnni — 0055. 0 
0 0) 

— Integrated Layer Manage 
ment Interface (a f-i lmi-00 
6 5. 0 0 0) 

[ooi6] i*ibo**#*ft««Br*aTfc:iB«-r« 
%m&mmx~hz>AAi. (ATMMi/^t) stja^t 

[0017] ATMX<<( y3-{$M*PT — *cT? 

n^n-fey*3&««fiK-*-stH(**, ;* *r -5 la 

[0018] «J|lWtt«f8tJB^J:5i: % £«MCT2 

t*# ssufl *>^— k •> * r sxm *c - n e> o«iB36*»« 

[0019] tt*, H 1 btc^-TJ; J/^f ATM^-f 
o^E-s^ — /u&KBUUT^S. J £1nbft*'( y^ • 7r 
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[0 0 2 0] Si bTMS, #!allft# — K • ^^a- 

So 

[0 0 2 1 ] iift*5> h !7 — iFl**^—** 
btoT*— ^g^@2 a —IS 2 f JC^-To S2atC^-T 

[0 0 2 2] — m&&m&ffi^- K (02b) 12 1 A<£> 

AaJboa— 9 s a, c, D^yv'^i-So afli«36 4 affl' 
u fc-r— * & te <o-t-*< r <7>sm« £ o r £ ft $ n £ . 

[0 0 2 3].#»*-MB : t"K (H2c) t>lA?> 

<z> 1 a a*asfi Lfc^- ^ wtfiftoo m j: o r sft * n s . 

[0 0 2 4] ^ife^Ffl^- K (H 2 d ) tt^en 

A, B , C, D^yv^-TSo C(7>S^<7>^- kt-^, 

[0 0 2 5 ] #*AMiifS*5 J: V— «^#»*Bia«tt 

*a«-* ^ b ?<Dm&\zmzmi^x^z>o - 
5<? -r-<T(7>^d^b^ft^ns^ s/^— v^-r^TSfrt- 
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So Cn£2*f&#HC, ^2 f [C^tATM* y h !7 — * 
C03§-&I2, 1 A<*>^— if S-fe /urn * < od^^S 

SfcA, B, C, D^0>#1fttt-*2/ h P — * Sff^lBHO 
■fe /u<7> a tT - & ^fiK-T S £ t £ m S . 

[0 0 2 6] rwtftj fcir^5ffliittt+»ki3e«*nfc3- 

So 

[0 0 2 7] ATM*? h 17 — 2ftX*<D JcM<T> 

[0 0 2 8] -»£m*«cHLTHU «**5S;»J:V 

( [UIT-T Q. 2 9 3 1], [AF-SIG 
4.0], [AF-PNNI 1. 0] , [AF-I IS 
P] ) icttttfcB*3*iT^5. 

[0 0 2 9] Ctufe<Ott«W:*y h?7 — 

tr^fa«45J;t/ h77>f 5 2A 

<7>zr— !fMrofiK^»«*>6>*S. «»tt»«a>y^h 

otW- jfe^d^ib^^ife^— x-r >^-*"S n £2* 

r*^So 

[0030] @i blc^-rj; ^^tr-^r^ft ■ 
*«MBte J: or l^ff^ti-Sc £*>-fc/u«*K;*>r yf- • 

«lC±S«WS6«W[77>'^4*« : tHKJB2 6 7 0 9 
7 2, 2 6 8 1 1 6 4, 2 7 2 6 6 6 9, *5«t 
T^^^r^^WfFW^F R 97 07355 fclBSt* Jx 

[0031] yy-^faoifi^ttii, giot 

So 

[0 0 3 2] *»IBI 7 a-, -T^tP^CBR^ctt^VB 

scirri— j^wi?t^5o sane /hS<oa*ia«y 
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[0 0 3 3] if- l^*fi«#«tESft5#JS#iB;7n 
— , t^VBRn r t A B RS^tt&SfficD 

BRn r t V — * <Dm#>X WfcttK £ A B R V — J* 
BRnrtKftOltfrWftttSliiot, JfcliABR 

^^co^v K^-xy K<z)7D-|]ilcj:oty-^a) 
^fcS. 

[0 0 3 4] *-tr^iftKcZ>«liEi«ftl^SSfiPlBro 

^fcfefcUBR*«fcBBLTHt, TB6«W»Wt^^riB 
■?*><&. Lt^ot, E^^y«r?fflLt^o$Pfl^ 
*fcS*ttt#JH It 1 oo^tt^JfflHTIBftffilHfcaB 

i^SfTfcSo UBR*l«Ofti3a3ft««lE*ixfc*— 

^^BSih-rs^dffeSo 
[0 0 3 5] *ftfc*W , fc#'f ^ htt, K^OATM^ 

>r yfo**iit^t«)^^^7P-tc»ttty y— 

^<7)^;u!r^tti/^^i/^^-^ot^(7)t^ 
t(7)t^^Ht6o V^SfiK 

£S, fci^J^llflJfli^tB*;*^ Srif— tr* - ^t 1 ^ 

y <7>«t££ itt^^ > h^-rsoi^^-fij-f^^^^r- 

&S 0 It^ot, 7 n -»J»««S:I81 1 1 / V 7 

y v— *m d ^tcd# y v— ^c&K-rs■fc>>^ 
&fei&^S<DlSATM^^«1i£o^f^ h7 

[0 0 3 6] :7 7V*#»aMHB2 7 4 0 2 8 3«: 

40 *ttilAl:ft^otl i ©:^|W7D- Mft)tiM80>0i| 

r-^-x Kt^-fV '/n^y^ (head-of- 
line blocking) j trffltSttWIft^ 

* n*:*— tf^ <r> 7 n -tc^:*i i: A/ £^«T4c f S 

HPC ASIA 9 7<7}M. HYOJEONG SO 
NGTa simple and fast sche 
50 duler for input queued AT 



<€>) 



M switchesj *Cf5^ £ *L#R3 £ *XTI^ £ e 
[0 0 3 7 ] -*jiS*ifc*IB*tttE»«iK:afllii|3:-- 
IP**-*- f«J r^j fciSifc 

m ttfS#***3 J: tf/u - -r -f v ^ Sc H tti »ft £ tit 

[0 0 3 8] ■fe/UO«a»fcH UT , -Jfi^BBaM*^ id? 
-hPlT^-f^flcA^ hP2, P4, P5, 

^•^tV?^3> ( 7 3 , 7 4 . 7 n ) iCatT— f£ 

[0 0 3 9] ^Hfca^b, HK«:2*|p]36»btf 5 

^ w v o*»**"*-< ra*iafs>r y ^ * > r-g 

[0 0 4 0] #^H7D-oy y^fitc^irii 
r *t t asfc - tt^x HgtiSST-liJfe s ti s 7 b - (7>« 

4 V • y*>>y (head-of — 1 i ne b 1 
o c k i n g) «*tt«-a*^#*(Oft-fefTWS:*J/BU 

N _ 1 oft yuo«3a*r*^-r sr £ te & So 

[0 0 4 1 ] JBUO»»5R«. A*(h3^^" Krt 

4 y*f • 7r^y y ^ ONffioJ^fflUiNffloffi*^* > 

[0 0 4 2] r.ixttt*fBa»«c, *P^fflft'#it6 7 
^V^ftffUJMf^ 7 4 0 2.ZZtt.&£ s f—9*9t 

7r^y iSi&£ii\ -#-^T ht-v'x- 50 



4$§|§5|z:i 1-239158 
10 

ftft5-M*MBUBR/ABR7o- 
£ 1 oO-M#«^BCBR7P-^n-*;H:8lk 

[0 0 4 3] ffl*?}?-h(7)fiM^S 

*U3 ATM^ Y y^rtJ- 2 5Mf y V ht6 
2 2Mf 5/ h/fy<Oi$— t 

lSt5^^MglC^5 5c f^TOAB R/UBR 

^Srffl^^Sfcai), t^t^Si^PIS 
Six, fc*<De*a*ft*>ai*#— h«tf*r«5««S*. 

[0 0 4 4 ] *»^S— »,iSm*«*3J;V*«l^lBI*a5H: 

[0045] -fe^omaicBBur, iiw«4M^a 

&b*$>£ h tfn^Wn, TpDU (^o h^/^ • 7* 

i:(¥iinsPpi®^?l#^r-ro XR. PDur^y 

iCT-rsHW:, ^$fc« ; tMnot;^It5 7i/-A 

asmtcis fens dttr-+^r*^So 

[0 0 4 6 J A^T-^^^+SfcttWAWfclBtft*: 

{^x.fc^-r ^i:io©PDU7^ot 

/u^rpt^y (c^^pb, PDU7i/-^^il:Sfllfc 
b b t-T^TiSfi-t- S^^3&»6ft« #ttt-l£t5 

*^-rs^^ - ^r^y s/^«w^^ 

[0 0 4 7] ±E<olHHfc:fcj&»j&»*>k-*\ 

n b o p P q jh n m \ - n — » ^ ffl a ft * fc i* - ^ » 

ATM^y h 17 — *rttC*JBjtt#: (ELAN) ^^^3. 
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;\s • ]) T • Jfc y h 9 — ?<Drc ^ 3. >a V [AF 
LANE] I'lSf S^CD-TfcSo 5 #JI2 LAN 

r if— /<) £ LT*Dfe*tS*— /«z>M-c*> 

s/ir~ ^SrH Sr. £a*T-#£ 0 I3bl:* 

-TJ:5^, ELAN(7)^ilfn^^- flJBUSt-/^ 

lc*fbr— »jsn«ai«r?licb, busi>— ^isela 

h - t^lUTM^s/ h V — 9 <n X z.**\zW$t 
<f 3®^ ^ ^ — /u_bT-gS*T 4#S ft ^ * t^iaot 

y-fe — i^WiBUS*— ^Sraia-f-Si^S! 

[0048] &MM-MMmmm&&vt&m&ffimm<r> 

y — $ (ELAN) *&WtELAN©«45fiaP 
— ^7 7U • ]} T • ^ y b V — 9 (VLAN) [AFMP 
OA] B<Dfi«yU-7 l -fyi/*WIB^t5ATM7d— 
7^^)MP OA (-r/U^^a h^/u • — ATM) 

<D=n^^ is — is a ^^^{C-rSSU^^-feliATM^Y 

T\ fi^-^litJxd««S*«t5*ftSE L ANO 
^li#ELANOLEC (L AN^=: ^. 1/ — v' 3 V - ^ 

fcfcfcl^. E L ANB©S«^+»IC«#t?t 5 
[0 04 91 

[36«36***U«t 5^-#-5*JH] *««coB»tt, .LIS 
[00 50] wCDTttf), *»W<OBWW:, #t&r-*x 

^^^^x.A^^{ciattSr<fix.ytATM^-r 

^-A^lHliSI^— K — VBRn r t (*3IB#IH«r«fe 
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«^ri6eaa* (avcr) <Dm&t Ltn^tn 

S. 

[0 0 5 1] **«^*<Ote(04*«*5 itf =fir*J*^W:SS 
[0 0 5 2] 

I3fr< o^O^ac— ^9 1 — 9 n Mt5:K* 
BRnr t(OHW|7D-iit**)5o ~ 0> :n — 0) 
Si: LrfaS^tt^o UBR/ABR7o-fffl^)|^ 

(avcr) e>M%ct LTHSi^n^o 
^ [0 0 5 3] fcS»fPJBB*«*<D**-CliflU*ix5#u 
BR/ABR^x-/^HDSt6il«. 
[0 0 5 4] »fN«SHI4^*-^^*a:T?# 

l^8-32Mfs/ h/?» o 1 - 9 n 

bix5 0 i -h 1 ^V^v^— ^WihfpflSHtt i 

[0 0 5 5]«t^ fctfA*- h^*fia«*6 4 

k try b/^frb 1 5 5Mt's/ h/s>GDpapi£ sr^icft 

^3c— ^1 1 5 5Mt> h/tl?—8Mtf h/» 
->=n— 3 2MtTy h/*l?~2Mtrs/ h/«? 

i/^—s* 3 8Mf?/ 6 4 k tT h/» 

[0 0 5 6] #-M#Mr«i:i^«AA®H^ 
-K (fi) *5J:WUJ*#- h (%) ^^-^S^TSjS 

[0 0 5 7] *»«^J:*ttf, ^rtt^n^7K(-tt-^?K 
5^ cogg^i: ur^3g#(7>mg?^®iS^i^§'J , 9 33T^su^^ 



13 

^TSR*Jx<5- ±BBO«{cBBUT, HT©ltiS»S 

[oo5 8i coj:5iar, 

[0 0 5 9J ^x^9i^?)9 n ^SM'!Dlr 

R, VBR, ABR, <y h !7~^<D# y v^^U 

B R*«0*/hfiaja*^«Efc*Wc"*-5»-&l*U B R 

[00601 VBRnr t jW* HI 7 

[0 0 6 11 lo£7tttffi&tf>tiJ;£|7tf- hT-^Jffl^Tfg 

« i + l7>^(7)^xw^-^^»l'J^r^ix5 
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1 Title of Invention 

METHOD FOR THE CONTROL OF FLOWS WITHIN AN ATM SWITCH WITH 
DISTRIBUTED ARCHITECTURE 

2 Claims 

1 . A method for the control of flows withfn an ATM switch with 
distributed architecture and storage at input, wherein the method consists of 
the distribution, to each input line card, of a specified number n of shapers, a 
shaper being dedicated to the VBRnrt (variable bit rate non-real time) 
category flows and being adjusted as a function of the totalized mean bit rate 
and the n-1 other shapers being dedicated to the ABR and UBR category 
flows, wherein the method further consists in associating, with each ABR or 
UBR connection, a tree whose root is constituted by its input line card and 
whose leaves are constituted by the output ports, then in assigning this tree 
to a shaper chosen as a function of the nominal bit rate of its leaves, the 
shaper being adjusted as a function of the available bit rate of the leaves of 
all the trees assigned to this shaper, 

2. A method according to claim 1 , consisting in assigning, to each 
shaper, a first queue Pi working in PDU application frame mode and a 
second queue Pz working in cell mode. 

3. A method according to claim 2, consisting in reserving the first 
queue Pi to the multipoint-to-point and multipoint-to-multipoint connections. 

4. A method according to one of the claims 1 to 3, consisting in 
assigning each shaper to a class defined by its range of operation, a shaper 
of this range being in the same class as another shaper if the respective 
trees associated with each of the shapers has at least one common leaf 

5. A method according to claim 4, consisting in assigning an 
« order of speaking » to the shapers of one and the same class, in limiting the 
right to speak to within a specified time interval T, divided into three 
elementary time intervals Ti f T 2 et T 3 such that T = T^T-h-To, the beginning 
of a transmission starting in the interval Ti, the end of a transmission taking 
place in the interval Ti+T 2l the turn to speak in the next interval T being 
determined as a function of wishes expressed by each shaper during the 
interval T 3 in favoring the shaper that has suspended the transmission of a 
PDU application frame. 
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6. A method according to claim 5, consisting in designating a 
« master » line card for the transmission of a «SYNC SIGNAL token* with a 
periodicity T, in a general broadcast to all the line cards whose rank i shaper 
possesses at least one tree that is associated with it, bringing about the 
transmission of a « speech » token by one of the line cards whose rank i 
shaper has finished sending before the end of the interval T1+T2 to th0 next 
line card with the turn to speak in the class considered and in bringing about 
the transmission, by the line card that has received the SYNC SIGNAL token 
at the end of the period T during the time interval T 3) of a « collection » token 
towards the master line card in which there is recorded an indicator 
indicating its need to transmit during the following time interval T. 

7. A method according to claim 6, consisting in carrying out 
communications in multipoint-to-multipoint mode by shifting the frame 
relaying function of the broadcasting server in the ATM layer of the line cards 
by modification of the input translations of the point-to-point connections (Ai), 
which go from VLAi-* (VLA'UG) to VLAi — » (VLM, L1, L2, L3, ... f Lq) where 

VLAi designates the logic channel identifier associated with Ai on the input 
artery, VLA'i designates the logic channel identifier associated with this same 
connection in the management module, LG designates the identity of the 
switch fabric junction of the management module, VLM designates the 
broadcasting index of the point-to-multipoint connection M and L1 f L2, Lq 
designate the identity of the switch fabric functions concerned by the 
connection M. 

8. A method according to claim 6, consisting in carrying out 
communications in multipoint-to-multipoint mode by shifting the frame 
relaying function of a routing emulation device in the ATM layer of the line 
cards by an examination of the first cell of each PDU frame in order to 
extract the IP address of the addressee therefrom, by making a search in a 
cache table of a pair formed by the logic channel and the outgoing direction 
before the IP address concerned, and using the translation obtained in all the 
cells of the PDU frame, the cache table being updated by means of routing 
information coming from the routing emulation function that resides in the 
management module and in transmitting a request for the updating of the 
cache to the management module if the desired IP address is not therein. 
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3 Detailed Description of Invention 

BACKGROUND OF THE INVENTION 
1. Reld of the Invention 

The present invention relates to a method for the control of flows 
for point-to-point, point-to-multipoint, multipoint-to-point and multipoint-to- 
multipoint non-real time connections within an ATM switch with distributed 
architecture and storage at input. 

The communication networks known as ATM or asynchronous 
transfer mode networks enable the circulation of fixed length packets known 
as ATM cells consisting of a 5-byte header and a 48-byte body. The header 
contains in particular a logic channel identifier known as a VPI/VCI (or virtual 
path identification and virtual channel Identifier) field that enables the routing 
of the cells in the switches that it encounters on its path between the sender 
user and the addressee user. 

The applications capable of using ATM networks for the 
communication of their data are highly varied. Most of the applications 
capable of using ATM networks have their own format for their data 
elements: these may be for example IP format frames of the Internet 
protocol or else frames using the format of the MPEG (moving picture export 
group) format. The adaptation between the format of these application 
frames and the format of the ATM cells is done in a layer called an ATM 
adaptation layer or AAL In particular, this layer is responsible for 
segmenting the frames into cells and conversely reassembling the cells 
received from the network into frames. 

Some of the data flows conveyed, known as "real time flows* 
require that the transit time and the jitter to which the network subjects their 
cells should be the minimum. This case relates for example to telephone 
data. Other data flows, hereinafter called non-real time flows, for example 
electronic mail, do not have these constraints. The real time flows must 
benefit from a certain degree of priority within the network and, for this 
purpose, they are subjected to a preventive congestion control mechanism 
by means of the reservation of resources. 

Severed major classes of flows known as "service categories" are 
defined in the standards ([UIT-TJ.371], [AFTM4.0]) to take account of the 
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different demands that users may make as regards the quality of the service 
that they seek for a desired flow, defined by service quality parameters such 
as: cell loss rate, transfer time, jitter, minimum bit rate, etc. and to take 
account of the different characteristics of the bit rate of this flow, formed by 
traffic parameters such as peak bit rate, mean bit rate, maximum size of a 
burst, etc. 

The real-time flow comes within one of the categories known as 
CBR (constant bit rate) or VBRrt (variable bit rate - real time). The non-real- 
time flows come within one of the following categories known as UBR 
(unspecified bit rate) whose service quality is not the object of any 
requirement on the part of the user, VBRnrt (variable bit rate - non-real-time) 
whose statistical characteristics are known with sufficient precision to enable 
a guarantee with respect to the loss rate or available bit rate (ABR) for which 
a minimum bit rate is guaranteed or a low loss rate as a trade-off for an end- 
to-end flow control according to the indications of the network. 

Any ATM switch, in the manner shown in Figure 1a, implements 
four major sets of functions, an access function 1 to each port of an ATM 
switch, an ATM layer function 2, a switch fabric function 3 and a 
management function 4. 

The access function 1 provides for the conversion of the ATM 
cells into the format that is suited to the transmission medium connected to 
said port and vice versa. This function makes it possible to present incoming 
cells to the ATM layer in a single format that is independent of the bit rate 
and the optical, electrical, radio or other type of technology of the 
transmission medium from which they come. The ports of a switch enable 
the connection of several switches together but they also enable the 
connection of a user of ATM services to a switch. 

The processing operations to be implemented in the access 
function are described in a huge volume of standard-setting literature on the 
ANSI as well as the UIT and ATM Forum systems. The major classes of 
interface defined in these documents are: 

The PDH (plesiochronous digital hierarchy) interface defined in 
the document UIT-T G.804, G.703. 

The SDH (synchronous digital hierarchy) interface defined in the 
document UIT-T G.708, etc. 
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The SONET (synchronous optical network) interface defined in 
the document ANSI-T 1.105, etc. 

The 25.6 Mbit/s IBM interface defined in the document af-phy- 

0040.000. 

The ATM layer function 2 combines several functions especially 
the management of the cell headers, the translation of the VPI/VCI (virtual 
path identification and virtual channel identifier) logic channels, the 
processing of the OAM (operations, administration and maintenance) 
management cells, a major part of the management of the traffic known as 
traffic management comprising sub-functions known as UPC (usage 
parameter control), SCD (selective cell discard), EPD (early PDU discard), 
RM (resource management) cells, etc. 

The processing operations to be implemented In the ATM layer 
function are described especially in the following standard documents of the 
UIT and the ATM Forum: 

- B-ISDN ATN Layer Specification [UIT-T 1.361 ] 

- B-ISDN Operation and Maintenance Principles and Functions 
[UIT-T 1.610] 

- Traffic Management Specification Version 4.0 [AF-TM 4.0] 

The scrambling function 3 switches the cells from an input 
direction to one or more output directions, as a function of indications 
prepared by the ATM layer during the translation of the logic channels. 

This function is of the core of any ATM switch and has been dealt 
with in a large body of literature that need not be recalled here. The 
scrambling ring and the scrambling network constitute two frequent types of 
implementation of this function. 

The management function 4 comprises sub-functions such as: 
the local supervision of the switch (alarms, discovery of the configuration of 
the switch and of the local topology, management of versions, etc.), 
interfacing with the centralized supervision entity of the network, the 
interfacing needed to set up switched virtual circuits, etc. 

For a more detailed description of some of these sub-functions, 
reference will be made to the standard-setting literature of the ATM Forum: 

- ATM User-Network Interface (UNI) Signalling Specification 
Version 4.0 (af-sig-0061 .000) 
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- Private Network-Network Interface Specification Version 1 .0 (af- 
pnni-0055.000) 

- Integrated Layer Management Interface {af-ilmi-0065.000) 
These different functions are mutually interfaced as indicated here 

below. It must be noted that the management function behaves exactly like 
a user except that its connection to the ATM layer does not go through an 
external port of the switch and therefore does not require any access 
function. By contrast, the management function does process ATM cells 
alone but also messages which it must therefore segment and reassemble 
by means of an AAL (ATM adaptation layer) which is therefore an additional 
function: the adaptation function. 

The ATM switches are often switches with centralized architecture 
or weakly distributed architecture, that is to say the functions of the switch 
itself are performed by a single hardware element that combines 
computation capacities formed by microprocessors, storage capacities 
fonned by memories and capacities for routing the cells in the switch fabric. 
However, this concentration adversely affects the modular nature of the 
switch and its ability to remain functional when one of its constituent 
elements goes out of order 

According to a standard solution, the functions are distributed 
among distinct hardware elements that may, if necessary, be doubled to 
enable the back-up of a faulty element of the same nature. These hardware 
elements installed in the switch in sufficient numbers to cope with the 
processing load that is foreseeable as a function of the configuration of the 
network at this place. In practice, these elements are electronic component 
boards assembled in a tray and interfacing with one another by means of 
one or more data buses placed at the bottom of the tray. They define what 
is common called a "distributed architecture**. 

Conventionally, the hardware architecture of a distributed ATM 
switch, as can be seen in Figure 1b, distinguishes between three types of 
modules: a switch fabric module 5, a management module 6 and line card 
modules 7 t ... 7 n . The functions of the switch are distributed over these 
different modules with, however, the constraint wherein the line card 
modules deal at least with the access function, the switch fabric module 5 
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wrth the scrambling function and the management module 6 with the 
management function. 

In Figure 1b f the links 8, ... 8 n existing between each line card 
module and the scrambling module are called "switch fabric junctions". 
Furthermore, each line card module implements an access function capable 
of managing one or more ports. When a cell goes through a switch, it begins 
by crossing a first line card called an input line card for the cell and then a 
second line card called an output line card. Since several input line cards 
may simultaneously send cells towards one and the same output line card, 
there may be congestion in the cells owing to the limited output bit rate of 
this output line card. Mechanisms for storing the cells and placing them in 
queues are then activated, pending the clearing of the congestion. These 
storage mechanisms may be found at the input or the output, in the switch 
fabric or in several of these elements at the same time. The term used Is 
then architecture with "storage at input", "storage at output", etc. 

The users of a communications network may envisage several 
modes of exchange of their data elements. These data elements are shown 
schematically in Figures 2a to 2f. The point-to-point mode shown in Figure 
2a links up two users A, D exclusively. Each of them may be a transmitter 
and a receiver. In this mode, all that is sent by one of the users is received 
by the other user. One variant of the point-to-point mode consists in 
specializing the sender and receiver roles of each of the two users (one-way 
point-to-point communications). 

The point-to-multipoint mode (Figure 2b) links up more than two 
users, A, C, D, one of whom is exclusively a sender while the others are 
exclusively receivers. All that has is sent by the sender is received by all the 
receivers. 

The multipoint-to-point mode (Figure 2c) also links up more than 
two users A, B, C one of whom is exclusively a receiver while the others are 
exclusively senders. All that has sent by one of the senders is received by 
the receiver. 

Finally, the multipoint-to-multipoint mode (Figure 2d) links up at 
least two users A, B, C, D each capable of being a sender and a receiver. In 
this last-named mode, all that has been sent by any one of the users is 
received by all the other users and also by the sender. 
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The multipoint-to-muftipoint communications and the point-to- 
multipoint communications are especially natural in the case of a shared 
medium communications network such as the Ethernet network shown 
schematically in Figure 2e. Indeed, in this case, all the users are connected 
to a single medium and all the connected stations A, B, C, D connected to 
this medium receive all the messages sent by the other stations. On the 
contrary, in the case of an ATM network as shown schematically in Figure 2f, 
the distribution, to several addressees A, B, C r D, of a cell sent by one of the 
users requires that the network should itself generate copies of the cell in 
question. 

The term 'connection' is applied to any communication according 
to one of the modes defined here above, between a well-defined set of 
users, this communication being endowed with a specific list of attributes 
such as: service quality parameters, traffic parameters, etc. 

The implementation, within an ATM network, of communications 
in the different modes defined here above may be seen from several points 
of view, in particular signalling, routing, conveying of data elements and 
management of resources. 

With regard to point-to-point connections, the signalling and 
routing aspects are extensively described In the documents {[UIT-T Q.2931], 
[AF-SIG 4.0], [AF-PNNI1.0], [AF-IISP]) of the standard-setting literature. 

These aspects consist of the determining, in the network, of a 
path between the two users such that this path meets the constraints of 
sen/ice quality and traffic of the connection. The path is characterized by a 
list of arteries. Each switch of the path assigns the connection a logic 
channel number pertaining to the input artery of the connection into the 
switch and maintains a translation table which, for this identifier, obtains a 
correspondence between the outgoing direction that the cell must take and 
the logic channel identifier of the connection in the next switch. Thus, every 
ceil of the connection may be routed from one point to the next solely by 
consulting the logic channel identifier present in the cell header and the local 
translation table. 

In a distributed architecture switch, such as the one of Figure 1b, 
this translation can be done by the ATM layer function of the input line card. 
The cell is then handed over to the switch fabric module with an indication of 
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the output switch fabric junction towards which the switch fabric must switch 
the eel!. This indication may be conveyed by a specific header added fo the 
beginning of the cell. Translation devices in accordance with this example 
have been described by the Applicant, for example in the French patent 
applications Nos. 2 670 972, 2 681 164, 2 726 669, and the as yet 
unpublished patent application FR 97 07355. 

With regard to the resource management aspect, several cases 
are possible depending on the service category of the connection. 

The real-time flows, namely the CBR and VBRrt connections, are 
subjected to a preventive reservation of resources- The probability of 
congestion of an output line card because of real-time flows is therefore low. 
Thus, it is generally not necessary to plan for storage memories at input By 
contrast, a small-sized output storage memory is necessary to absorb cells 
coming simultaneously from several entries. 

The non-real-time flows with guarantee of service quality, namely 
the VBRnrt or ABR connections, can be subjected to certain measures of 
preventive reservation, but these measures are insufficient given the highly 
sporadic nature of the VBRnrt sources and the tendency of the ABR sources 
to occupy the entire available bandwidth. For these flows, it Is therefore 
necessary to provide for temporary storage memories, given that this type of 
flow, by its statistical nature for the VBRnrt connections or by its end-to-end 
flow control for the ABR connections, ensures that the total bit rate of the 
sources remains on an average smaller than or equal to the available bit 
rata 

For the non-real time flows without guarantee of service quality, 
namely the UBR connections, no preventive mechanism is possible. It Is 
therefore necessary to provide also for storage memories and share this 
space between the different connections in preventing one connection from 
taking up too much available space (in accordance with the notion of 
fairness). It is also necessary to prevent a situation where the processing of 
the UBR connections could hamper the running of flows with guaranteed 
service quality. 

This last-named point acquires all its importance through the fact 
that most of the existing ATM switches set up a pooling of resources 
between all types of flows. This is especially true with respect to scrambling 
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capacities. However, it is also the case with storage capacities for it is not 
advantageous to segment the available memory as a function of the service 
category. It is therefore up to the switch to implement a flow control 
mechanism making it possible to prevent any congestion downline (the 
output line card applies retroactive rules to the input line cards to regulate 
their bit rate). This mechanism that should not hamper the flows with 
guaranteed service quality. Furthermore, since this mechanism tends to shift 
the downline congestion upline, it is up to the traffic management function, 
which is a sub-function of the ATM layer function, to reject cells that violate 
the policy upline storage resources allocation. 

The French patent application No. 2 740 283 on behalf of the 
present Applicant presents an example of a flow control mechanism of this 
kind in Figure 1. With this basic mechanism, there are often associated 
complementary mechanisms for the elimination of a head-of-line blocking 11 
based on specific queues in the input memory as a function of the outgoing 
junction. In practice, these mechanisms prove to be almost indispensable 
with regard to guaranteed service quality flows. Various examples of such 
mechanisms are presented and referred to in M. HYOJEONG SONG, "A 
simple and fast scheduler for input queued ATM switches' 1 , in HPC ASIA 97. 

Symbolically, the point-to-multipoint connections may be 
represented by a "tree" with a "roof representing the sender user and its 
"leaves" representing the receiver users* The implementation of connections 
of this type is standardized as regards signalling and the routing. What has 
to be done simply is to form a point-to-multipoint connection by creating first 
of all a point-to-point connection and then grafting new leaves on it. This 
addition of leaves may be done at the initiative of the root or else of the leaf. 

With regard to the conveyance of the cells, the point-to-point 
connection, model, namely the input translation alone, cannot always be 
applied. Figure 3a, where the elements similar to those of Figure 1b are 
identified with the same references, shows a point-to-multipoint connection. 
This connection enters the switch by a port P1 and exits therefrom by the 
ports P2 f P4, P5, P7. In this case, the input translation envisaged further 
above may order the switch fabric 5 to copy each cell of this connection into 
the three switch fabric junctions (7 3 , 7 4 , 7J concerned but it is not capable of 
indicating the output ports to which the cell must be sent. To do so, it is 
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necessary to add this information into the translation tables and send It from 
the input up to the output. Furthermore, the output logic channel depends on 
each output port and it is not possible to assign a single logic channel to all 
the outputs. 

For these reasons, it Is generally preferred to make a twofold 
translation: an input translation which replaces the logic channel of the cell 
by a « broadcasting index » representing the connection within the switch, 
and then a second output translation which expresses the broadcasting 
index into a list of pairs of the form 'port, logic channel' with the copies that 
may be necessary. 

With regard to the management of resources for the non-real-time 
flows, on the contrary, it is difficult to hope for a simple extension of 
mechanisms for the control of flows Implemented for the point-to-point 
connections. Indeed, the head-of-line blocking mechanisms, making use of 
queues specific to each output, would dictate the management of as many 
queues as there are possible sets of outputs, nameiy 2 N _1 In the case of N 
switch fabric junctions. 

Another solution may consist, for example, in making as many 
copies of each cell in the input line card as there are output line cards 
concerned by this cell. This approach would have the unacceptable 
drawback of requiring N switch fabric cycles to transmit a cell to N output 
junctions, while the technology of the switch fabric generally enables the 
transfer of the cell towards IM outputs in a single cycle. 

By contrast, the French patent application No. 2 740 283 referred 
here above describes a single solution based on the local conversion of the 
different point-to-multipoint UBR/ABR flows into a single point-to-multipoint 
CBR flow by separating the transmissions and letting them through one by 
one from the input line card to the switch fabric and by means of an outright 
fixed-value reservation of the resources on all the output ports, the 
reservation level being fixed according to the bit rate dictated by a separating 
device known as a shaper. 

However, this approach has drawbacks when the output ports 
have bit rates that are very different from one another. This is easily the 
case in an ATM switch where 25 Mbit/s ports can coexist with 622 Mbit/s 
ports. Indeed, in this case, it will be necessary to adjust the bit rate of the 
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shaper on the basis of the bit rate of the port with the smallest bit rate. Since 
all the ABR/UBR connections use the same shaper, the result thereof is a 
choking of all the connections, even of the connections that take only high bft 
rate output ports. 

The multipoint-to-point and multipoint-to-multipoint connections 
are not presently being processed in the standardization units that deal with 
the ATM. There is therefore, for the time being, no signalling or routing 
defined for this type of connection. 

In terms of the conveyance of the cells, any topology of 
communication leading data elements of different geographical origins to 
converge on one and the same link raises what is called the problem of the 
'interlacing of PDU (protocol data unit) application frames'. Indeed, since the 
PDU application frames are segmented by the AAL layer into cells, the cells 
of different frames reach the addressee in an interlaced from. To 
reassemble the frames, the addressee should be capable of finding the 
frame to which each cell belongs. Now the segmenting mechanism most 
commonly used in the UBR connections, implemented in the AAL 5 
adaptation layer, do not enable this identification. It enables only the 
identification of the last cell of the PDU frame, which is sufficient in point-to- 
point or point-to-multipoint modes for the ATM cells are transmitted in 
sequences. 

For the switches with centralized architecture or with storage at 
output, it is possible to be satisfied with an approach that consists in keeping 
the cells of one and the same PDU frame In the memory, and in sending 
them all together when the PDU frame has been completely received. This 
is not the case for switches with input storage for the simultaneous access to 
the switch fabric shared by the different Input line cards necessarily 
introduces another interlacing of the if the transmission from the different line 
cards is not coordinated. 

Despite all these problems, there are existing needs of 
communications in multipoint-to-point and multipoinHo-multipoint modes. 
They could be dealt with In theory by the superimposition of point-to-point 
communications or point-to-multipoint communications. This case has 
appeared especially in the context of the emulation of local area networks 
known as LAN Emulation or LANE (local array network emulation) where any 
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sophisticated mechanism is installed to emulate a shared medium (ELAN) 
within an ATM network [AF LANE]. An example that may be referred to is 
that of a server known as a BUS (broadcast or unknown server) which is 
defined in the LANE standard. This server, whose architecture Is shown in 
Figure 3b, enables a user to broadcast messages to all the users of an 
emulated shared medium or towards another user with whom he is not 
directly connected. Each user of the ELAN has a point-to-point connection 
towards the BUS server and the BUS server has a point-to-multipoint 
connection towards all the users of the ELAN, as indicated in Figure 3b. In 
the prior art, the broadcasting servers of the BUS server type are 
implemented either by an expensive dedicated piece of hardware connected 
somewhere to the ATM network or by a specific process that is executed on 
the management module of the switch. This last-named approach 
unfortunately is not greatly extensible when the number of users of the ELAN 
increases. Indeed, during the period of time when a new user is not known 
to .his partners, the messages that he sends and receives must go through 
the BUS server. This is often a cause of congestion that may be fatal to the 
management module. 

Another example of a need for multipoint-to-point communications 
and multipoint-to-multipoint connections is given by the emulation of routing 
between local area- networks. This function in particular may be 
implemented according to the norm known as MPOA (multiprotocol over 
ATM) of the ATM Forum which makes it possible to obtain virtual routing 
between different emulated local netwoiks (ELANs) or different virtual local 
area networks (VLANs) of an ELAN [AF MPOA], Another way of obtaining 
the emulation of the routing consists in installing a routing software program 
in the management unit of the ATM switch. In this context, a virtual router 
can be likened a user of the different ELANs that it interconnects. On this 
basis, it must house a function, known as a LEC (LAN emulation client) for 
each ELAN. The virtual router must be implemented in a switch, for example 
by a specific process that is executed in the management module. This 
entails the risk of causing congestion in said module when the exchanges 
between the ELANs reach a sufficiently sustained level. 

SUMMARY OF THE INVENTION 
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The aim of the invention is to overcome the above-mentioned 
drawbacks. 

To this end, an object of the invention is a method for the control 
of flows within an ATM switch with distributed architecture and storage at 
input, wherein the method consists of the distribution, to each input line card, 
of a specified number n of shapers, a shaper being dedicated to the VBRnrt 
(variable bit rate non-real time) category flows and being adjusted as a 
function of the totalized mean bit rate and the n-1 other shapers being 
dedicated to the ABR and UBR category flows and being adjusted as a 
function of the available bit rate (AvCR) of the output ports. 

Other characteristics and advantages of the invention shall appear 
from the following description made with reference to the appended 
drawings. 

MORE DETAILED DESCRIPTION 

The method according to the invention overcomes the drawbacks 
of the prior art referred to here above in the case of poinMo-multipoint 
connections. It does so by the implementation on each input line card 7 b in 
particular as shown in Figure 4, no longer of one shaper but of several 
shapers 9 t to 9 n . More specifically, a shaper is dedicated to real-time flows 
of the category VBRnrt. The bit rate of this shaper is adjusted as a function 
of the totalized mean bit rate of the VBRnrt flows. A fixed number n-1 of 
shapers dedicated to the UBR/ABR flow is adjusted as a function of the 
available rate (AvCR) of the output ports. 

A range of operation Is assigned to each of the UBR/ABR shapers 

identified by its number. 

The ranges of operation characterize the bit rate values that a 
shaper may achieve. They are bit rate intervals (for example: 8 to 32 
Mbitfs). The ranges of operation of the different shapers 9 1 to 9 n are 
assigned definitively when the system Is Initialized and In such a way that the 
entire range of the nominal bit rates of the output ports is covered. The 
range of operation of a i+1 ranking shaper has a lower limit tower than the 
lower limit of the range of the i ranking shaper and an upper Omit slightly 
higher than the lower limit of the range of the i ranking shaper so as to obtain 
a slight overlapping of the range of operation of the adjacent shapers. 
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For example, it is possible to envisage the following distribution in 
a switch whose output ports have nominal bit rates which are stepped in 
intervals from 64 kbit/s to 1 55 Mbit/s: 

number range of operation 

shaper 1 1 55 Mbit/s - 8 Mbit/s 

shaper 2 32 Mbit/s - 2 Mbit/s 

shaper 3 8 Mbit/s - 64 kbit/s 

With each point-to-multipoint connection, there is associated a 
"tree" constituted by the data element of its input line card (root) and its 
output ports (leaves). (This terminology should not be confused with the 
previous terminology used in the prior art description where "root* and "leaf 
are applied to users.) As and when the life of the connection progresses, the 
tree that is associated with it may get modified by the addition or elimination 
of leaves. 

According to the invention, with each tree, there is associated a 
shaper which processes the cells of all the point-to-multipoint connections 
associated with this tree. The choice of the shaper is made as a function of 
the nominal bit rate of the "leaf port having the lowest nominal bit rate, with 
a law of assignment that fs within the scope of those skilled in the art. In the 
context of the above example, it may be decided that: 

- the trees for which all the ■leaf" ports have a nominal bit rate of 
155 Mbit/s shall be assigned to the shaper 1 , 

- the trees that do not come within the above category and of 
which no "leaf 11 port has a nominal bit rate, below 25 Mbit/s, will be assigned 
to the shaper 2, 

- the trees that do not come under the above two categories will 
be assigned to the shaper 3. 

In this way, each point-to-multipoint connection is assigned to a 
shaper, this assignment being revisable at each modification of the tree of 
the connection. 

While the assignment of the connections to the shapers ^ to 9 n is 
done as a function of the nominal bit rate of the leaves, the adjusting of the 
bit rate of the switches, on the contrary, is done as a function of the available 
bit rate of the leaves. The available bit rate is a difference between the 
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nominal bit rate and the reserved bit rate. The concept of the reserved bit 
rate is one that depends on the implementation, which represents the 
totalizing of the bit rates guaranteed for the connections CBR, VBR, ABR 
and even UBR if the policy of the network means ensuring a minimum bit 
rate for the UBR connections. The bit rate of a shaper is computed by taking 
the minimum of the available bit rates of the leaves belonging to trees 
assigned to the shaper concerned. The precise implementation of a 
mechanism of this kind for adjusting the bit rates of shapers is within the 
scope of those skilled in the art. In the context of the above example, it may 
be assumed for example that the management module of the switch keeps 
the available bit rate of each output port up to date and that it periodically 
sends each input line card the bit rate to be applied to each of its shapers. 

With regard to the shapers dedicated to the VBRnrt real time 
flows, these are adjusted as a function of the totalized mean bit rate 6f the 
connections concerned. 

By the application of the above mechanism, following the major 
drop in the available bit rate on one or more output ports, the bit rate 
allocated to a rank i shaper could be incompatible with its range of operation. 
Thus, to avoid this situation, it is planned to have an exceptional mechanism 
by means of which those trees whose leaves are the ports concerned will be 
temporarily reassigned to a shaper adapted to lower bit rates, for example 
the i+1 rank shaper. Here the overlapping of the ranges of operation creates 
a natural hysteresis effect as a result of which the changes of assignment do 
not take place with excessive frequency and prevent excessively frequent 
changes of shapers for one and the same tree. 

All the ABR/UBR shapers having the same number, located on 
different input line cards, are capable of sending cells simultaneously to one 
and the same output port, each at a bit rate lower than or equal to the 
available bit rate of this port. The result of this is that, in the worst case, the 
bit rate coming from the input line cards can easily go beyond the available 
bit rate of the concerned port. This problem is resolved by the 
implementation of a mechanism for the arbitration of access by the different 
line cards to the scrambling resource. This mechanism also makes it 
possible to overcome the prior art drawback referred to, concerning the 
interleaving of the PDU application frames due to the AAL5 segmentation in 
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the context of multipoint-to-point or multipoint-to-multipoint connections. 

To do this, each of the ABR/UBR connection shapers arbitrates 
between two queues: a priority queue P1 which works in PDU application 
frame mode and a queue P2 which works in cell mode. To say that a queue 
works in PDU mode means that it is not ready to transmit unless it contains 
at least one full frame and unless the cells of one and the same frame are 
transmitted sequentially without any possibility for cells of other frames to get 
interposed. To say that a queue works in cell mode means that it is ready to 
transmit as soon as it contains at least one ceil. 

Then, on each input line card, the multipoint-to-point connections 
and muitipoint-to-multipoint connections are assigned to trees, in a manner 
similar to that described for the point-to-multipoint connections. For the 
multipoint-to-point connections, the tree is reduced to its root and to a single 
leaf. For the multipoint-to-multipoint connections, the tree may take, as its 
root, the input line card considered and, as its leaves, all the ports taking part 
in the connection. The trees will be assigned to the shapers accordhg to the 
same principles as those stipulated here above. 

The multipoint-to-point connections and multlpolnt-to-multipoint 
connections use only the queues P1 for they run the risk of interlacing of the 
AAL5 PDUs, 

Each of the ABR/UBR shapers 9 1 to 9 n of each line card 7, is 
assigned to a class. There is a distribution into classes, namely a division of 
all the shapers of a given rank i. This division is different for each rank of 
shaper, namely for each range of operation. The classes are defined by the 
following principle: in a given range of operation, a shaper of this range is in 
the same class as another shaper of this range if at least one tree associated 
with the first shaper and at least one tree associated with the second shaper 
has at least one common leaf. Conversely, two shapers are in different 
classes, as can be seen in Figure 5a, if all the leaves of the trees associated 
with one of them has a vacant intersection with all the leaves of the trees 
associated with the other shaper. It must be noted that this division is 
dynamic: the assignment of a new tree to a shaper or its elimination will 
generally require the recomputation of the division. Each division comprises 
at least one class and, at most, as many classes as there are line cards in 
the switch. 



P - 8 1 1 7 



ftmW-l 1-239158 

-18- 



The algorithm for the classification of the shapers according to the 
principle stipulated here above is within the scope of those skilled in the art. 

The principle of alteration is based up a division of time into 
intervals with a length T = T1 + T2 + T3. A « order of speaking » is assigned 
to the various shapers of the same class. At each time interval T, the shaper 
of each class that has the « right to speak »can begin sending the cells of a 
PDU extracted from the file P1 during the interval T1. During the interval T2, 
it may continue to send the cells of a PDU whose transmission has already 
begun but it cannot start sending a new PDU. This same shaper may send 
cells coming from. P2 throughout the duration of the interval T1 + T2, 
provided of course that it is incapable of sending cells coming from P1 
(according to the principle of priority of P1 over P2). If Its transmission ends 
before the end of T1 + T2 f a shaper may hand over the right to speak to 
another shaper of its class which itself could make transmission during the 
same period. Once the interval T1 + T2 has elapsed, each line card 
indicates its desire to send a message by means of a collecting mechanism 
that runs in the interval T3. The « turn to speak » during the interval T will 
also be computed as a function of wishes expressed and in favoring a 
shaper that has had to suspend the transmission of a PDU before the end of 
this PDU. The algorithm for computing the « turn to speak » must ensure a 
certain fairness between the line , cards if the management policy of the 
switch requires it. An algorithm of this kind is within the scope of those 
skilled in the art. All that is said here above pertains to a given rank i of a 
shaper. Thus, for example, the intervals T, T1 , T2, T3 depend on i, namely 
on the range of operations of the shaper considered. 

An implementation of the above principles based on tokens is 
described hereinafter by way of an example. Different phases of this 
mechanism shown in Figures- 5b, 5c and 5d are described. 

The tokens have specialized celts exchanged with the different 
fine cards 7j, on the initiative of a master unit which may be one of the line 
cards 7, or else the management module 4 or else the switch fabric 2 Itself. 
The invention distinguishes three types of token. 

The « SYNC SIGNAL token » of Figure 5b Is sent periodically by 
the master unit with a periodicity T, in a general broadcast to all the line 
cards whose i rank shaper possesses at least one tree that is associated 
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with it. This token is used for the approximate synchronizing of the 
transmissions between the different line cards. It also conveys the « turn to 
speak » for each class. 

The « SPEECH token » of Figure 5c is specific to each of the 
classes identified here above. It is sent by one of the line cards whose rank i 
shaper has finished the transmission to the next line card, before the end of 
the interval T1 + T2, of the « turn to speak » within the class considered. 

The « COLLECTION token » of Figure 5d is sent by one of the 
line cards that has received the SYNC SIGNAL token at the end of the 
period T. It is relayed from one unit to the next in all the concerned line 
cards which record an indicator therein on their need to make transmission 
during the following period or to continue to transmit the end of a PDU whose 
transmission has already started. Finally, the token is received and 
processed by the master unit. 

To overcome the prior art drawback concerning the case of 
broadcasting servers, such as BUS servers, made by the super-imposition of 
point-to-point connections of each user of a broadcasting group towards the 
server and a point-to-multipoint connection of the server towards all the 
users of the same group, a short-circuit is made within the ATM switch 
between the different connections. This enables the creation of a multipoint- 
to-multipoint type communication in which the relaying of the PDU 
application frames is done totally by the junction devices, the server no 
longer having any rote other than that of the management of the 
broadcasting groups, namely the operations needed for the arrival of a new 
user in the group or the departure of a user from a group. The process of 
relaying PDU frames at the level of the line cards is made possible by the 
implementation of the arbitration and flow control processes described here 
above. 

The broadcasting server which bears the reference 10 in Figure 
6a is a software process that is executed on the management module 4 of 
the switch. In the prior art mode of operation, the communications module is 
the one shown in Figure 6b which illustrates the example of three users 
belonging to one broadcasting group. In the mode* of operation according to 
the invention, the communications module is the one shown in Figure 6c in 
which the point-to-point connections A1 , A2, A3 and the point-to-multipoint 
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connection M are replaced by point-to-multipoint connections B1, B2, B3 
from each user of the group towards all the others. 

This modification of the communications module is made possible 
by a simple conversion of the input and output translations implemented in 
the ATM layer and referenced TRANS IN, TRANS OUT in the line cards 7 V 
7 2t 7 3 of Figure 6a. With regard to the input translations of the Ai type point- 
to-point connections, they are, in the prior art. VLAi -> (VLA'i,LG) where 
VLAi is a logic path identifier associated with Ai on the input artery, VLA'i is 
the identifier associated with this same connection in the management 
module and LG is the identity of the switch fabric junction of the 
management module. This expresses the fact that all the PDU frames are 
processed by the server in the implementation module. Conversely, all the 
frames retransmitted by the server to the users of a given broadcasting 
group are sent with a logic channel VLM characteristic of the poiht-to- 
multipoint connection M. An output translation makes it possible, in each 
output line card concerned, to convert the broadcasting index VLM into a 
logic channel identifier VLMi characteristic of this connection on the output 
artery with a possible copying of each cell if it must exit at several ports P1, 
P2 f ... Pp. This last-named translation therefore has the form VLM -» 
(VLMP1.P1), (VLMP2.P2), .... (VLMPp.Pp). 

According to the invention, the only translations modified by the 
short-circuit are the input translations which become VLAi -» 
(VLM.LI.L^.LS^Lq) where L1 to Lq designate all the switch fabric junctions 
concerned by the connection M. 

In the mode of operation according to the invention, the 
broadcasting server manages the arrival and departure of the users In the 
same way as in the prior art and then determines the input translations to be 
modified in order to arrive at the communications module described here 
above. 

The table of Figure 6d shows an exemplary translation with and 
without short-circuits in the case of a broadcasting group comprising four 
users ui, u21 , u22 and u3 as indicated in Figure 6a. 

Note 1: without being exhaustive, Figure 6b represents a case 
where the connections A1 t A2, A3 are one-way connections which is not the 
case for the LANE server BUS. 



(35) 

p - 8 i 1 7 



Note 2: the connections A1, A2, A3 and M continue to exist at 
least with regard to the signalling. 

Note 3: depending on the applications, it is always possible that 
the server itself may or may not be considered to form part of the group of 
users. 

Finally, in addition to the arbitrating mechanism described here 
above, it is possible to have a third mechanism that makes it possible to 
overcome the prior art drawback referred to here above if a frame router IP is 
implemented in a management module. The method makes it possible, 
within the ATM switch, to obtain a real decentralization of the relay function 
IP by limiting the role of the router to the computation of the routes (prior art). 

Figure 3c shows a case where this method can be used. The 
internal router has as many LECs as there are ELANs known to it. If the 
user uA belonging to the ELAN A wishes to send a frame IP to the user uB, 
he starts by using the broadcasting means on the emulator ELAN (BUS 
broadcasting server). If the router function internal to the switch knows about 
the existence of the user uB ( the function LEC A of this router, associated 
with the ELAN A emulation, declares Itself to be the addressee of all the IP 
frames addressed to the user uB. Thereafter, the user uA uses his direct 
ATM connection to perform the LEC A function, according to usual 
procedures specified in the LANE standard for sending frames to the user 
uB. In the prior art, the frames must go back up to the internal router at the 
management module in order to be relayed towards the user uB through the 
use of the direct ATM connection existing between the LEC B function and 
the user uB. 

The method according to the invention specifies that, for any PDU 
application frame arriving at a direct connection relating to the LEC A 
function, the input line card examines Its first cell and extracts the IP address 
of the addressee therefrom. It then travels through a cache table updated by 
means of routing information conning from the management module and 
there, before the IP address, it finds a pair (logic channel, outgoing 
direction). The logic channel is the one used by the direct connection 
between the LEC B and uB. The outgoing direction is the identifier of the 
switch fabric junction concerned by this direction connection, if the input line 
card does not find the IP address sought in the cache table, it sends the 
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management module a request for updating the cache. The information 
found in the table is then used for the translation of the ATM header of each 
cell of the PDU concerned. Thus, a dynamic translation is obtained, the 
translation table being modified potentially during the passage of each PDU. 
Thus, a "dynamic short-circuit" is set up between two point-to-point 
connections. 

4 Brief Description of Drawings 

- Figure 1 a is a drawing showing the principle of an ATM switch 
according to the invention; 

- Figure 1 b is a drawing showing the principle of an ATM switch 
with distributed architecture according to the prior art; 

- Figures 2a to 2f are drawings showing modes of communication 
between users of an ATM network; 

- Figure 3a shows an example of a routing of an ATM cell in a 
switch during a point-to-multipoint connection; 

- Figure 3b shows an example of the superimposing of point-to- 
point connections or point-to-multipoint connections in an emulated LAN 
architecture; 

- Figure 3c is a drawing showing the principle of routing between 

ELANs; 

- Figure 3d shows a principle of short-circuit implemented by the 

invention; 

- Figure 4 is a drawing showing the principle of the assignment of 
trees to shapers according to the invention; 

- Figure 5a shows an example illustrating an operation of the 
classifying of shapers according to the invention: 

- Figures 5b, 5c, and 5d show examples of the broadcasting of 
tokens according to the invention; 

- Figures 6a to 6d show examples of implementation of a 
broadcasting server according to the invention. 
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Abstract 

The method consists In distributing a specified number n of 
shapers (9i ... 9 n ) to each input line card (7j). a shaper being dedicated to the 
VBRnrt (Variable Bit Rate non real time) category flows as a function of the 
totalized mean bit rate and the n-1 other shapers being adjusted as a 
function of the available bit rate (A VCR) of the output ports. Application to 
ATM transmission networks- 



Representative Drawing 
FIGURE 4 



